Bronchoscopy technology is a desirable method for detecting lung cancers arising in the central airways. Most early cancers and precancerous lesions are not visible on conventional white-light bronchoscopy (WLB). Autofluorescence bronchoscopy (AFB) is a newly developed technology that exploits the difference in autofluorescence intensity between normal and tumorous tissues to detect bronchial cancers and precancerous lesions. Several types of AFB systems have been used in clinical practice, and autofluorescence imaging videobronchoscopy (AFI) is one of these AFBs. In most of the studies on AFB other than AFI, AFB has provided a much higher sensitivity but a lower specificity than WLB. Regarding AFI, recent studies have reported controversial results on the sensitivity and specificity for detecting cancers and precancerous lesions, compared with WLB. In this paper we describe the working mechanisms and characteristics of AFBs, mainly AFI, and the diagnostic performance of AFI, compared with WLB, other AFBs, and narrow-band imaging, for detecting lung cancers and precancerous lesions. Key words: autofluorescence imaging videobronchoscopy; autofluorescence bronchoscopy; white-light bronchoscopy; narrow-band imaging; lung cancer; precancerous lesion. [Respir Care 2013;58(12):2150 -2159
Introduction
Lung cancer is the most common cause of cancer-related death worldwide, with more than 1.3 million people dying of lung cancer annually. 1 The prognosis of patients with lung cancer is strongly associated with the disease stage at the time of diagnosis. The 5-year survival rate for patients with stage IA is about 70%; however, for those with stage II, III, or IV the rates range from 40% to less than 5%. 2 Bronchoscopy technology is a desirable method for detecting lung cancers arising from the central airways. Early cancers and precancerous lesions are subtle, with a surface diameter of only a few millimeters, and they often lack characteristics that would make them visible on conventional white-light bronchoscopy (WLB). Only 29% of carcinoma in situ and 69% of microinvasive tumors are identified endoscopically with WLB, even by experienced bronchologists. 3 Recent advances in molecular biology suggest a multistep theory of carcinogenesis. 4 As dysplasia might be one premalignant condition, early detection and follow-up of these lesions are essential. Bota et al reported the alteration of premalignant bronchial lesions followed for 2 years with bronchoscopy technology. 5 During 2 years, 6 of 169 low grade epithelial lesions progressed to persistent severe dysplasia; 10 of 27 severe dysplastic lesions and 28 of 32 carcinomas in situ progressed. A study showed that highgrade pre-invasive lesions had a high chance of progressing to invasive cancer. 5 Another study showed 6 that most carcinoma in situ ultimately became microinvasive. It has also been shown that the identification and treatment of pre-invasive lesions in other organs, such as the cervix and colon, can significantly improve cancer related mortality. 7, 8 So, overcoming the difficulty WLB has in identifying early mucosal lesions is meaningful and clinically important. Meanwhile, we have to accept that early diagnosis of dysplastic lesions, to some extent, adds to confusion and decreases quality of life due to a possibly unnecessary fear of malignancy in some patients.
AFB is an advanced technology that exploits the autofluorescent nature of bronchial mucosa to detect tiny and subtle superficial lesions. In the past 3 decades, AFB has been applied to detect early-stage carcinomatous lesions through endoscopy workstation. 9, 10 Several types of AFB systems have been designed, developed, and marketed, including the LIFE system (Xillix Technologies, Richmond, British Columbia, Canada), the D-Light system (Karl Storz, Tuttlingen, Germany), and the SAFE system (Pentax, Tokyo, Japan). In comparison with conventional WLB, these AFBs provide a much higher sensitivity, which is interesting and exciting, but at the same time, the specificity is lower, [11] [12] [13] [14] [15] [16] [17] [18] which is, obviously, an important disadvantage.
One type of AFB, autofluorescence imaging videobronchoscopy (AFI is its trademark name), was developed by Olympus Medical Systems, Tokyo, Japan. Some studies have found that AFI is better than WLB for detecting superficial cancers and precancerous lesions, [19] [20] [21] [22] [23] whereas some other studies have reported controversial results. 24 In this paper we describe the working mechanisms and characteristics of AFBs, mainly AFI, and the diagnostic performance of AFI for detecting lung cancers and precancerous lesions.
Development of AFB
When the bronchial surface is illuminated by light, the light can be reflected, back-scattered, absorbed, or induce tissue autofluorescence. Tissue autofluorescence is not visible to the unaided eye, because its intensity is very low and overwhelmed by the reflected and back-scattered light. However, with suitable instrumentation the tissue autofluorescence can be visualized. 25 The intensity of the autofluorescence differs substantially between normal and tumorous tissues, which allows visualization of cancers and precancerous lesions in bronchi. [26] [27] [28] [29] The LIFE system, which was designed by Lam et al, in Vancouver, British Columbia, Canada, 28, 30 consists of a light source (helium-cadmium laser, wavelength 442 nm), image intensifier (charge-coupled device [CCD] camera with green and red filters), and imaging console. The 442 nm wavelength radiation produces a blue light, delivered to the bronchial tissue surface through an endoscope. The autofluorescence emitted from the tissue is detected by the camera, which has 2 CCDs that capture green and red autofluorescence, and the images are immediately processed and displayed on the monitor as a color image.
Normal bronchial mucosa appears green, while cancers and pre-invasive lesions appear brown, or brown-red.
Storz and Pentax independently developed the D-Light system, which uses a modified xenon light source, a filter in the ocular of the bronchoscope, and an optional integrating camera. The filter in the ocular of the bronchoscope transmits red and green wavelengths, together with a narrow band within the excitation wavelength, which allows visualization of low autofluorescence. 31 The fluorescence images can be viewed directly through the eyepiece or displayed on a monitor connected to the camera, and abnormal tissue appears red/brown against a normal gray/blue background. 32 The SAFE 1000 system uses a xenon light instead of laser light. Infrared light is eliminated by an infrared filter, and only 420 -480 nm excitation light is allowed through the filter and transmitted to the image processor. Normal mucosa appears green, and abnormal mucosa areas show a cold image caused by the lack of autofluorescence.
The first and still most commonly used AFB systems are based on fiberoptic bronchoscopes with CCD cameras. As fiberoptic bronchoscopy has been replaced by videoendoscopy at most bronchoscopy facilities, autofluorescence diagnosis systems integrated into videoendoscopes have been developed. Videobronchoscopes yield highresolution images and increase optical sensitivity and specificity. Two video-autofluorescence systems are currently available, the SAFE 3000 and AFI systems. The SAFE 3000 system uses both a xenon lamp, for white-light imaging, and a monochromatic diode laser, for autofluorescence imaging. As both light sources are available at the same time, the system enables immediate simultaneous viewing of both white-light video and AFB images. 33 Normal bronchial tissue emits intense green autofluorescence when excited by blue light from a diode laser (408 nm), so normal mucosa appears green and abnormal mucosa lacks this green autofluorescence and appears dark.
AFI is a newly developed AFB system that consists of 3 parts: an autofluorescence videobronchoscope (BF-F260, generally), a video processor unit Evis Lucera Spectrum (CV-260SL), and a xenon light source. The AFI image is presented on a 48-cm monitor (OEV-191). The system transmits 3 wavelengths: excitation blue light (395-445 nm, to induce autofluorescence), 550 nm (red reflected light), and 610 nm (blue reflected light). 19 Normal mucosa appears green (Fig. 1A ), inflammation appears blue (because it contains a high concentration of hemoglobin, which absorbs the green and red wavelengths), and cancers and precancerous lesions appear magenta (see Fig. 1B ), because they mix red/blue reflected signals and lack the green autofluorescence signal.
Mechanisms of Different Autofluorescence Intensities in Normal and Cancerous Tissue
Although the precise mechanisms of the different autofluorescences of normal and cancerous tissues have not been established, some have been considered: autofluorescence can change if the epithelial layer thickens, as in the presence of cancer, or if the concentrations of certain substances in the tissue, including fluorophores and nonfluorescent chromophores, change.
Autofluorescence is intensely produced by submucosal stroma, but epithelium, mucosa, and cancerous tissue emit very little fluorescence. Because of the thicker epithelium and mucosa in a cancer lesion than in normal mucosa, or because of the presence of cancer itself, the autofluorescence is intensely absorbed. Autofluorescence of tissues can attenuate due to changes in the light-scattering process, from an increase in nuclear size, cellular density, or distribution of the cells associated with lung cancer development.
Autofluorescence tissues can also be changed if the distribution or concentration of the fluorophores changes, because AFB makes use of autofluorescence and absorption properties to provide information about the biochemical composition and metabolic state of endogenous fluorophores in bronchial tissues of central airways. 34 Most endogenous fluorophores are associated with the tissue matrix, such as collagen and elastin, or are involved in cellular metabolic processes. One of the major causes for the loss of autofluorescence in areas of dysplasia or cancer is found to be a decrease in the extracellular matrix content. 35 A recent study showed that a proportion of the dysplasia or cancer lesions expressed matrix metalloproteinases that could degrade the extracellular matrix. 36 Fluorophores, such as porphyrin, flavins, and nicotinamide adenine dinucleotide (NADH), are involved in cellular metabolic processes. Cancerous tissue has higher metabolism than normal tissue, so its blood volume increases while oxygen concentration in the cells decreases. Because of the increase of blood volume and accumulation character specific to cancer, the amount of porphyrin is increased (red light is increased), 34 and at the same time, flavin is reduced (green autofluorescence is decreased) as the oxygen concentration is decreased. NADH increases due to the increase in cellular metabolic activity. Autofluorescence of tissues can also change if the concentration of some other fluorophores, such as aromatic amino acids and lipopigments, changes.
Meanwhile, the fluorescent properties of bronchial tissues in central airways are determined by the concentration and distribution of nonfluorescent chromophores such as hemoglobin. Autofluorescence of tissues can attenuate due to increased absorption of the excitation light by hemoglobin, because of angiogenesis in cancerous or precancerous lesions.
Diagnostic Performance of AFI Versus WLB
Among the studies [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] of AFB versus WLB for detecting cancers and precancerous lesions, most have concluded that AFB has a much higher sensitivity and a lower specificity than WLB. 11, 13, 40, 41 AFI has shown significantly higher sensitivity in almost all the studies to date. Some studies 19, 22, 23, 49 have found that AFI has superior specificity to WLB, while some other studies have found sim- ilar or lower specificity. 20, 21, 24 Whether AFI can improve detection of lung cancer or precancerous lesions is still controversial.
Several studies have compared the diagnostic performance of AFI and WLB. In these studies, generally speaking, WLB was undertaken before AFI, with local anesthesia with 2% lidocaine spray, although the order of the procedures can be varied and does not affect the results. After WLB, the device is switched to AFI mode and AFI examination is performed. Still images of all sites of interest are recorded under both WLB and AFI. After examination, biopsies are taken from all suspected areas on WLB and AFI, and the biopsy specimens are fixed in 10% buffered formalin and stained with hematoxylin and eosin.
The available studies of AFI recruited patients according to different inclusion criteria. Ueno et al 50 evaluated the efficacy of AFI in the diagnosis of cancers and precancerous lesions, and included patients with suspected or known lung cancers. Li et al 20 conducted a prospective clinical study, and recruited patients who underwent both AFB and WLB for general diagnosis and for postoperative recheck. Herth et al 21 compared the diagnostic yields of AFI, WLB, and narrow-band imaging (NBI) in the diagnosis of intraepithelial neoplasia, and included patients who were at high risk for lung cancer but had no clinical evidence of central airway malignancies. Cetti et al 24 evaluated the diagnostic performance of AFI in lung cancer, and recruited patients with suspected lung cancer, and excluded patients with already diagnosed central-airway lung cancer. Zaric et al 22, 23, 49 evaluated AFI in the assessment of tumor extent (margins), and recruited patients with suspected lung cancer, and excluded patients with suspected or known lung cancer metastases.
For different purposes, those studies had different biopsy strategies. Three studies by Zaric et al 22, 23, 49 evaluated AFI for assessing tumor extent, and the biopsies were taken from the margins of the visualized pathologic mucosa. The other studies [19] [20] [21] 24, 50 were designed to evaluate AFI in the diagnosis of cancers and precancerous lesions, and the biopsies were taken from the cores of the suspicious areas, under either AFI or WLB.
The studies had different endoscopic classifications and histologic standards. In the study by Chiyo et al 19 a magenta image was classified as positive for malignant or pre-invasive lesions, and biopsies with a histology grade of dysplasia or worse were considered positive. Ueno et al 50 evaluated AFI findings with a 4-point scale and evaluated WLB findings with a 3-point scale. AFI-III (images appeared magenta) and WLB-III (changes suggesting severe dysplasia and cancer) were considered positive endoscopically; biopsies with severe dysplasia or worse were considered positive histologically. Li et al 20 classified endoscopic lesions into 3 grades, in AFI or WLB. AFI-II (images appeared pink or brown) and AFI-III (images appeared classic magenta) were considered abnormal, and WLB-II (hyperemia, edema, thickness, color changes, and regression or buckling of mucosal vessels) and WLB-III (granulation of the bronchial mucosa or visible neoplasm) were considered abnormal. Biopsies with a histology grade of severe dysplasia or worse were considered positive. Herth et al 21 evaluated AFI and WLB findings with a 4-point scale: normal, abnormal but not suspicious, suspicious for intraepithelial neoplasia, tumor. Any lesion that was "suspicious for intraepithelial malignancy" was classified as positive on bronchoscopy for pre-invasive neoplasia. Biopsies with a histology grade of moderate to severe dysplasia or carcinoma in situ were considered positive for intraepithelial neoplasia.
Cetti et al 24 graded the bronchoscopic appearance of the mucosa as normal, nonspecific abnormality/inflammatory, suspicious of cancer, or definite tumor. Lesions that were "suspicious of cancer or definite tumor" were classified as positive on bronchoscopy. Biopsies with a histology grade of moderate dysplasia or worse were considered positive. In the studies by Zaric et al, 22, 23 red/brownish or magentacolored areas were considered positive via AFI, and biopsies with a histology grade of carcinoma were considered positive.
We will review 8 studies that have compared the diagnostic performance of AFI to that of WLB. Table 1 describes these studies' research methods, and Table 2 describes their biopsy results and findings on the sensitivities and specificities of AFI and WLB. Seven of the studies [19] [20] [21] [22] [23] 49, 50 found sensitivity of AFI significantly higher than that of WLB, whereas the remaining study 24 found the sensitivity of AFI not significantly different from WLB. Four of the studies found the specificity of AFI significantly higher than that of WLB, 19, 22, 23, 49 one found the specificity was not different from WLB, 24 and the other 3 found the specificity of AFI significantly lower than that of WLB. 20, 21, 50 On one hand, the diverse findings on the sensitivity of AFI can be partly ascribed to different recruitment criteria, which would lead to different incidences of pre-invasive lesions in subjects recruited in different studies. In a meta-analysis, 18 the advantage of AFBs depended on the incidence of pre-invasive lesions, but not invasive cancers. Cetti et al 24 found the sensitivity of AFI as low as that of WLB, and there was a trend toward lower specificity with the AFI mode (P ϭ .06), but the incidence of pre-invasive lesions in their subjects was only 6%, which was significantly lower than that in other studies. In study by Lam et al 30 the incidence was about 15%, and Chiyo et al 19 had an incidence of about 39%. A fair conclusion from these data may be that the performance of AFI depends on the pre-test probability of preinvasive lesions. AFI was developed to detect pre-invasive lesions, with the hope that early treatment would improve outcomes. We see some possible explanations for the observation that AFI might be superior over WLB in detection of pre-invasive lesions such as dysplasia, but not to the same degree in detecting invasive cancer. The quality of WLB images has improved with the advent of the videobronchoscope, and most of invasive cancers that can be detected by AFI also could be detected by WLB. But the situation is different for pre-invasive lesions. WLB is ineffective at detecting lesions smaller than 5 mm in diameter, and pre-invasive lesions are only a few cell layers thick, so the surface mucosa typically appears relatively normal during WLB. AFI can detect tiny and superficial lesions, thereby improving diagnostic sensitivity for earlystage lesions. 28, 29 On the other hand, the conflicting findings about AFI's sensitivity and specificity can partly be ascribed to the use of different definitions of positive histology and different endoscopy classifications. Ueno et al 50 considered AFI-III (image appeared magenta) as positive in AFI, and the sensitivity and specificity of AFI for severe 19 defined AFI-II (images appeared pinkishbrown) and AFI-III (images appeared magenta) as positive, and the sensitivity and specificity of AFI for dysplasia or worse were 81.3% and 83.3%, respectively. If Ueno et al 50 analyzed data according to the criteria used by Chiyo et al, the sensitivity and specificity for AFI would be 76.7% (23/30) and 83.0% (15/18) . Furthermore, the sensitivity and specificity of AFI or WLB can be changed by the statistical unit, using the patient or the lesion as different statistical units for analysis. For the per-patient analysis, one patient usually has several biopsied lesions; the highest grade lesion can be used to determine the patient's overall histological diagnosis. For the per-lesion analysis, each biopsied lesion is independently evaluated endoscopically with AFI or WLB, and each specimen would be defined as positive independently if its own final histology diagnosis is considered positive in the study. Edell et al reported 11 that the relative sensitivity of AFB ϩ WLB versus WLB was 1.50 on a per-lesion basis (95% CI 1.26 -1.89) and 1.33 (95% CI 1.13-1.70) on per-patient basis. In the studies 18, 19, [22] [23] [24] 50 we analyzed, only the study by Herth et al 21 used per-patient analysis to evaluate the sensitivity and specificity of AFI or WLB. In that study, if a patient had 2 separate positive biopsy sites, one site showing moderate dysplasia and the other showing severe dysplasia, the patient's overall histology result was severe dysplasia.
In our own experience, AFI is more sensitive for detecting superficial lung cancers and precancerous lesions than is WLB. Some lesions can be recognized via AFI when the WLB findings are normal (Fig. 2) . But AFI may be less specific, and may have more false positive results if we do not choose proper indications for AFI. Some benign lesions, such as inflammatory bronchial lesions or tuberculosis, also appear as magenta on the AFI monitor (Fig. 3) . AFI cannot identify a lesion's pathology. It distinguishes optical properties of the surface tissues based on their thickness, blood supply, or extracellular matrix composition, which may be nonspecifically responded in AFI. It is not easy to distinguish benign lesions such as inflammation, hyperemia, or injury from pre-invasive carcinoma, so the specificity for AFI may be low. The low specificity and high false positive rate may result in a greater number of abnormal lesions being identified during bronchoscopy, prolonging the procedure in order to biopsy the lesions, and thus increasing the number of specimens and pathology costs. The AFI system is also about twice as expensive as a WLB system. AFI and its work station cost our department about US$192,000 (¥1,200,000 China renminbi), whereas a WLB system and work station cost about US$96,000 (¥600,000 China renminbi). So we should strictly control the indications for AFI. There are no universally accepted indications for AFB. However, suggested indications include the evaluation of patients who have high-grade sputum atypia but no radiological abnormalities, surveillance of patients with previously detected high-grade pre-invasive lesions (metaplasia, dysplasia, carcinoma in situ) but no evidence of invasive carcinoma, and planning endobronchial therapy for patients who have early invasive lung cancer.
The false positive rate of AFI may be decreased through objective color tone analysis. Chiyo et al 19 used color tone analysis to resolve the image color into the 3 primary colors: red, green, and blue. For moderate dysplasia the mean intensities of the red, green, and blue signals were 42.19 Ϯ 12.19 pixels, 30.5 Ϯ 2.56 pixels, and 21.31 Ϯ 3.98 pixels, respectively, and the red/green ratio of the mean intensities was 1.38 (42.19/30.5) . For bronchitis the mean intensities were 28.6 Ϯ 3.53 pixels, 38.5 Ϯ 1.7 pixels, and 24.7 Ϯ 1.0 pixels, respectively, and the red/green ratio was 0.74 (28.6/38.5). The red/green ratio was higher Fig. 2 . Bronchoscopy at the bifurcation of the right middle lobe and lower lobe. A: White-light bronchoscopy shows non-specific swelling or thickening (arrow), which might be judged normal and not biopsied. B: Autofluorescence imaging videobronchoscopy shows magenta color that indicates mucosal abnormality, which pathology found was adenocarcinoma. in squamous dysplasia than in bronchitis. They concluded that AFI with color tone analysis could accurately and objectively distinguish pre-invasive and malignant lesions from bronchitis. Table 3 describes studies that have compared the diagnostic yield of AFB to that of WLB. A meta-analysis concluded that AFB has a higher sensitivity and lower specificity than WLB, but there has been only direct comparison of AFI and another AFB. Chiyo et al 19 compared AFI to the LIFE AFB device for distinguishing preinvasive bronchial lesions from bronchitis. A total of 32 patients with known or suspected lung cancer were included. WLB and LIFE were performed prior to AFI. WLB and LIFE detected 62 lesions, including lung cancers (n ϭ 2), squamous dysplasias (n ϭ 30), and bronchitis (n ϭ 30). With AFI, 2 cancer lesions and 24 dysplasias were magenta in color, and 25 bronchitis lesions were blue. The sensitivity for detecting dysplasia with LIFE was 96.7%, and with AFI it was 80%. The specificity of AFI (83.3%) was significantly higher than that of LIFE (36.6%) (P Ͻϭ .001). They concluded that AFI with color tone analysis can accurately and objectively distinguish preinvasive and malignant lesions from bronchitis. However, because comparative data between AFI and other AFBs are scarce, there are many unanswered questions about the differences between AFI and other AFBs.
Diagnostic Performance of AFI Versus Other AFBs

Diagnostic Performance of AFI Versus Narrow-Band Imaging
Angiogenesis is essential for malignant neoplasm, which was first recognized by Folkman, 51 because a hyperproliferated tissue requires adequate blood supply. Increased vessel density in the submucosa is often present in bronchial squamous dysplasia, 52, 53 indicating that angiogenesis is a relatively early event during lung cancer pathogenesis. 54 NBI is a new optical technology that can clearly visualize the microvascular structure on mucosal surfaces, 55, 56 using a new narrow banding filter on an red/green/blue sequential videoscope system, instead of the conventional red/green/blue broadband filter. The filter cuts all wavelengths in illumination except for narrow bands in the blue and green spectrum, centered at 415 nm and 540 nm, coinciding with the peak absorption spectrum of oxyhemoglobin (the main chromophore in bronchial tissues), 57 making blood vessels more pronounced when viewed in NBI mode. 58 The 415 nm blue light is absorbed by capillary vessels in the surface layer of the mucosa, whereas the 540 nm wavelength is strongly absorbed by blood vessels located below the capillary vessels in the surface layer of the mucosa. Finer blood vessels near the surface are displayed in brown, whereas thicker vessels in deeper layers are shown in cyan. Bleeding appears in black, because the 415 nm and 540 nm wavelengths are largely absorbed by hemoglobin. 59 Tissue optical absorption properties and scattering properties are strongly wavelength dependent. When conventional red/green/blue broadband light is delivered through an endoscope onto a tissue surface, some of the light is reflected from the tissue, some is scattered or absorbed within the tissue, and very little light is reflected toward the camera lens to provide an image. However, narrow band light delivered onto the same surface has less scattering, which provides a clearer image. 60 An approach to visualize angiogenesis or aberrant microvessels in the subepithelial cancerous lesion can be a new diagnostic method. There are growing numbers of reports on the effectiveness of NBI for detailed observation of the superficial mucosal and vascular patterns in the larynx 61 and gastrointestinal tract. 55, [62] [63] [64] [65] [66] After successful introduction into gastroenterology and confirmation on its value in diagnosis of gastrointestinal malignancies, NBI entered the area of diagnostic and interventional pulmonology. 58, [67] [68] [69] [70] There have been few direct comparisons of NBI and AFI. Some studies used NBI to evaluate localized sites of interest that were detected with AFB. 60 A recent study by Herth et al 21 evaluated the diagnostic yields of NBI individually and in combination with WLB and AFI. Both NBI and AFI had superior sensitivities, compared with WLB alone, and there was no significant difference in sensitivity between NBI and AFI. There was no significant difference in specificity between NBI and WLB, but AFI's specificity was significantly lower than either NBI or WLB. That study concluded that NBI is an alternative to AFI for detecting early lung cancers, because NBI has higher specificity and comparable sensitivity. Further investigation is required on NBI versus AFI.
Summary
The sensitivity of AFI seems to be better than that of WLB, but whether AFI's specificity is higher or lower than that of WLB is still in controversy. A few original studies and meta-analyses have investigated the diagnostic yield of AFBs versus WLB, and most of them concluded that AFB has a higher sensitivity and lower specificity than WLB. Comparative data between AFI and other AFBs are scarce, so it remains unclear whether AFI is superior to other AFBs. And further comparative data between NBI and AFI are still needed to draw conclusions on the superiority of one technique over the other.
In clinical practice, the potential extra sensitivity provided by AFI, to some extent, improves the ability of trainees to make the correct diagnosis at bronchoscopy, and suggests a role for AFI in teaching hospitals for training inexperienced bronchoscopists. 24 AFI and WLB are incorporated into one endoscope system, and it is easy to switch between the 2 modes. The addition of AFI does not significantly increase adverse effects that can be attributable to the AFI observation. 20, 21 According to the literature and our own experience, the major down sides to AFI are the lower specificity, higher false positive rate (which increases the number of biopsy sites and causes more mucosal injuries), higher costs, and longer examination time. The false positive rate with AFI can be decreased with objective color tone analysis. Although AFI seemed to provide advantages in some studies, in our opinion the benefit in clinical practice is not overwhelming. AFI should be utilized in patients who have high-grade sputum atypia but no radiological abnormalities, surveillance of patients with previously detected high-grade preinvasive lesions (metaplasia, dysplasia, carcinoma in situ) but no evidence of invasive carcinoma, and in planning endobronchial therapy for patients who have early invasive lung cancer.
